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(57) ABSTRACT 

A device display includes a light guide With an optical ?ber 
embedded in an optically transparent material, a pixel array 
that has a pixel aligned With a ?rst end of the optical ?ber, and 
a re?ective mechanism provided at a second end of the optical 
?ber. The re?ective mechanism is capable of re?ecting light, 
received by the pixel, back to the pixel via the optical ?ber. 

8 Claims, 12 Drawing Sheets 
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LOW LOSS TRANSFLECTIVE DEVICE 
DISPLAY 

RELATED APPLICATION 

This application is a divisional of US. application Ser. No. 
11/738,811, ?led Apr. 23, 2007, the entire contents of Which 
are incorporated herein by reference. 

BACKGROUND 

Displays for devices may include transmissive, re?ective, 
or trans?ective displays . A transmissive display is illuminated 
from the back by an illumination device/light guide (e.g., a 
backlight), and is vieWed from the opposite side (i.e., the 
front). This type of display may be used in applications 
requiring high luminance levels (e.g., computer displays, 
televisions, personal digital assistants (PDAs), mobile 
phones, etc.). A re?ective display (e. g., often found in digital 
Watches or calculators) is illuminated by external (e. g., ambi 
ent) light re?ected by a diffusing re?ector located behind the 
display. 
A trans?ective display Works in tWo modes, a transmissive 

mode or a re?ective mode, depending on the ambient light. 
For example, a trans?ective display operates in the transmis 
sive mode in darker environments (e.g., loWer ambient light 
conditions, such as indoors) via a light guide, and in the 
re?ective mode When ambient light levels are high (e.g., 
outdoors). In the transmissive mode, light from the light guide 
is directed (e.g., from a backside) though various layers of a 
pixel array of the display. In the re?ective mode, ambient light 
enters from the front side of the pixel array, travels through the 
layers of the pixel array, and are re?ected back through the 
pixel array by a re?ective material (e.g., a re?ective ?lm) 
positioned on a front side of the light guide. HoWever, the 
re?ective material also reduces the intensity of the light guide 
(i.e., high re?ectivity implies loW transmissivity and vice 
versa). In order to achieve an adequate intensity in the trans 
missive modem, a higher intensity light is needed from the 
light guide (Which consumes more poWer) than if the re?ec 
tive material Was absent. 
One solution to this problem may be to move the re?ective 

material to the backside of the light guide. HoWever, With 
such an arrangement, the distance betWeen the re?ective 
material and the pixel array becomes so large that issues 
appear during the re?ective mode. For example, because of 
the large distance betWeen the re?ective material and the pixel 
array, incoming and re?ected ambient light travel through 
different pixels of the pixel array. Thus, the image informa 
tion of different pixels becomes mixed, resulting in a distorted 
display image. 

SUMMARY 

According to one aspect, a device display may include a 
light guide that includes an optical ?ber embedded in an 
optically transparent material, a pixel array that includes a 
pixel aligned With a ?rst end of the optical ?ber, and a re?ec 
tive mechanism provided at a second end of the optical ?ber. 
The re?ective mechanism may be capable of re?ecting light, 
received by the pixel, back to the pixel via the optical ?ber. 

Additionally, the re?ective mechanism may include a 
re?ective ?lm provided on a side of the light guide opposing 
a side of the light guide facing the pixel array. 

Additionally, the re?ective ?lm may include at least one of 
a metal-based material capable of re?ecting light, a White 
re?ector material, or a silver re?ector material. 
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2 
Additionally, the re?ective mechanism may include a 

retro-re?ective shape formed at the second end of the optical 
?ber. 

Additionally, the retro -re?ective shape may include at least 
one ofa cone or a prism. 

Additionally, the re?ective mechanism may include a 
re?ective material formed at the second end of the optical 
?ber. 

Additionally, the re?ective material may include at least 
one of a metal-based material capable of re?ecting light, a 
White re?ector material, or a silver re?ector material. 

Additionally, an index of refraction of the optical ?ber may 
be higher than an index of refraction of the optically trans 
parent material. 

Additionally, the optically transparent material may 
include at least one of glass, quartz, sapphire, polymeric, or 
plastic materials. 

Additionally, the optical ?ber may include at least one of 
glass or plastic materials. 

Additionally, the optical ?ber may include a bundle of 
optical ?bers. 

Additionally, the optical ?ber may include at least one of a 
circular, a square, a rectangular, an elliptical, a triangular, or 
a polygonal cross section. 

Additionally, the pixel array may include at least one of a 
monochrome or a color pixel array. 

Additionally, the pixel array may include a liquid crystal 
display (LCD). 

Additionally, the pixel of the pixel array may include a ?rst 
thin ?lm transistor (TFT) associated With a ?rst subpixel, a 
second TFT associated With a second subpixel, and a third 
TFT associated With a third subpixel. 

According to another aspect, a device display may include 
a pixel array that includes a pixel associated With one or more 
retro-re?ective shapes provided on a side of the pixel array 
facing the light guide. The one or more retro-re?ective shapes 
may be capable of re?ecting light, received by the pixel, back 
to the pixel. 

Additionally, the light guide may include at least one of 
glass, quartz, sapphire, polymeric, or plastic materials. 

Additionally, the pixel array may include at least one of a 
monochrome or a color pixel array. 

Additionally, the pixel array may include a liquid crystal 
display (LCD). 

Additionally, the one or more retro-re?ective shapes may 
include at least one of a cone or a prism. 

According to yet another aspect, a method may include 
providing a light guide for a device display that includes a 
pixel array With a pixel, the light guide including an optical 
?ber embedded in an optically transparent material, aligning 
a ?rst end of the optical ?ber With the pixel of the pixel array, 
and providing a re?ective mechanism at a second end of the 
optical ?ber. The re?ective mechanism may be capable of 
re?ecting light, received by the pixel, back to the pixel via the 
optical ?ber. 

Additionally, providing a re?ective mechanism may 
include providing a re?ective ?lm on a side of the light guide 
opposing a side of the light guide facing the pixel array. 

Additionally, providing a re?ective mechanism may 
include providing a retro-re?ective geometric shape at the 
second end of the optical ?ber. 

Additionally, providing a re?ective mechanism may 
include providing a re?ective material at the second end of the 
optical ?ber. 

According to still another aspect, a method may include 
providing, for a device display, a pixel array that includes a 
pixel, and forming one or more retro-re?ective geometric 
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shapes, aligned With the pixel, on a side of the pixel array. The 
one or more retro-re?ective geometric shapes may be capable 
of re?ecting light, received by the pixel, back to the pixel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of this speci?cation, illustrate one or 
more implementations described herein and, together With 
the description, explain these implementations. In the draW 
1ngs: 

FIG. 1 is a diagram of an exemplary device in Which 
systems and methods described herein may be implemented; 

FIG. 2A is a partial side elevation vieW, in partial cross 
section, of a display of the exemplary device shoWn in FIG. 1; 

FIG. 2B shoWs a top partial vieW of a light guide of the 
display shoWn in FIGS. 1 and 2A; 

FIG. 2C depicts a top partial vieW of another light guide of 
the display shoWn in FIGS. 1 and 2A; 

FIG. 3A is a partial side elevational vieW, in partial cross 
section, of another implementation of a display of the exem 
plary device shoWn in FIG. 1; 

FIGS. 3B-3E depict exemplary implementations of optical 
?bers of a light guide shoWn in the display of FIG. 3A; 

FIG. 4A is a partial side elevational vieW, in partial cross 
section, of still another implementation of a display of the 
exemplary device shoWn in FIG. 1; 

FIGS. 4B and 4C depict exemplary implementations of 
pixel arrays of the display shoWn in FIG. 4A; 

FIG. 5 is a partial side elevation vieW of an exemplary pixel 
of the pixel arrays shoWn in FIGS. 2A, 3A, and 4A-4C; and 

FIGS. 6-9 are ?oWcharts of exemplary processes according 
to exemplary implementations described herein. 

DETAILED DESCRIPTION 

The folloWing detailed description refers to the accompa 
nying draWings. The same reference numbers in different 
draWings may identify the same or similar elements.Also, the 
folloWing detailed description does not limit the invention. 

OvervieW 

Implementations described herein may relate to systems 
and methods for providing a loW loss trans?ective device 
display. For example, in one implementation, a device display 
may include a light guide, a re?ective material provided on 
one side of the light guide, and a pixel array that includes 
multiple pixels. The light guide of a device display may 
include optical ?bers provided in an optically transparent 
material. Each optical ?ber may optically communicate With 
a corresponding pixel of the pixel array. In another implemen 
tation, the re?ective material may be removed from the dis 
play, and the optical ?bers of the light guide may include 
re?ective portions and/or retro-re?ective geometric shapes on 
their ends. In still another implementation, the re?ecting 
material may be removed from the display, and the light guide 
may include an optically transmissive material. A surface of 
the pixel array facing the light guide may include retro-re 
?ective geometric shapes. Such arrangements may help 
ensure that ambient light is provided to and re?ected through 
the same pixel of the device’s pixel array, Which may help 
prevent mixing of image information from different pixels 
(i.e., cross-talk) and distorting of the display image. 
The description to folloW Will describe a device. As used 

herein, a “device” may include a radiotelephone; a personal 
communications system (PCS) terminal that may combine a 
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4 
cellular radiotelephone With data processing, a facsimile, and 
data communications capabilities; a personal digital assistant 
(PDA) that can include a radiotelephone, pager, Intemet/ 
intranet access, Web broWser, organiZer, calendar, a Doppler 
receiver, and/or global positioning system (GPS) receiver; a 
laptop; a GPS device; a personal computer; an MP3 player; a 
printer; a facsimile machine; a pager; a calculator; a camera 
(e.g., digital or video); and/or any other device capable of 
utiliZing a display. 

Exemplary Device Displays 

FIG. 1 is a diagram of an exemplary device 100 according 
to an implementation described herein. As shoWn in FIG. 1, 
device 100 may include a housing 110, a speaker 120, a 
display 130, control buttons 140, a keypad 150, a microphone 
160, and/ or a camera 170. Housing 110 may protect the 
components of device 100 from outside elements. Speaker 
120 may provide audible information to a user of device 100. 
Display 130 may provide visual information to the user. For 
example, display 130 may provide information regarding 
incoming or outgoing calls, games, phone books, the current 
time, emails, etc. Control buttons 140 may permit the user to 
interact With device 100 to cause device 100 to perform one or 
more operations. Keypad 150 may include a standard tele 
phone keypad and/or/or may include additional keys to 
enable typing information into device 100. Microphone 160 
may receive audible information from the user. Camera 170 
may enable a user to capture and/ or store video and/or images 
(e.g., pictures). 
Although FIG. 1 shoWs exemplary components of device 

100, in other implementations, device 100 may include feWer, 
different, or additional components than depicted in FIG. 1. 
In still other implementations, one or more components of 
device 100 may perform tasks performed by one or more 
other components of device 100. 
First Exemplary Device Display 

FIG. 2A is a partial side elevation vieW, in partial cross 
section, of display 130 of device 100. As illustrated, display 
130 may include a re?ective ?lm 200, an illumination device 
or light guide 210, and a pixel array 220. Re?ective ?lm 200, 
light guide 210, and pixel array 220 may have a variety of 
shapes and/or siZes depending upon the shapes and/or siZes of 
device 100 and/or display 130. 

Re?ective ?lm 200 may include any material capable of 
re?ecting ambient light. For example, re?ective ?lm 200 may 
include a metal-based material capable of re?ecting ambient 
light (e.g., a sputter-coated silver on polyester ?lm, an alumi 
num foil, OptilonTM Advanced Composite Re?ector (ACR), 
etc.), a White re?ector material, a silver re?ector material, a 
re?ector material available from re?ector ?lm suppliers (e. g., 
Toray, Teijin DuPont, 3M, KeiWa, Tsujiden, SKC, Kimoto, 
etc.), etc. 

Light guide 210 may include any device capable of pro 
viding illumination or lighting to pixel array 220. Display 130 
may Work re?ectively if light guide 210 is not receiving light, 
and may Work transmissively if light guide 210 is receiving 
light. In one example, light guide 210 may include a structural 
component used to guide light from a light source (e.g., an 
incandescent light bulb, one or more light-emitting diodes 
(LEDs), an electroluminescent panel (ELP), one or more cold 
cathode ?uorescent lamps (CCFLs), one or more hot cathode 
?uorescent lamps (HCFLs), etc.). An incandescent light bulb 
may be used for the light source if very high brightness is 
desired. LEDs may be used for the light source in small, 
inexpensive displays, and may include colored or White light. 
An ELP may be used for the light source in larger displays or 



US 7,982,846 B2 
5 

if even lighting is desired, and may be either colored or White. 
CCFLs may be used for the light source in large displays (e. g., 
computer monitors) and may be White in color. In another 
example, light guide 210 may include a diffuser to provide 
even lighting from an uneven light source. In still another 
example, light guide 210 may provide any color light (e.g., 
yelloW, green, blue, White, etc.) or any combination of col 
ored/non-colored light. 
As further shoWn in FIG. 2A, in one implementation, light 

guide 210 may include an optically transparent material 230 
With multiple optical ?bers 240 embedded therein. Optically 
transparent material 230 may include any material capable of 
permitting light to pass, such as glass, quartz, sapphire, poly 
meric materials (e.g., polymethylmethacrylates, polyvinyl 
carbaZoles, polybutadienes, polyethylenes, polyesters, etc.), 
plastics (e.g., Perspex and Pyrex, etc.), etc. Optical ?bers 240 
may include glass or plastic ?bers designed to guide light 
along their lengths by total internal re?ection. If made from 
glass, optical ?bers 240 may include materials (e.g., silica, 
?uoroZirconate, ?uoroaluminate, and/ or chalcogenide 
glasses) that have a refractive index of about, for example, 
1.5. If made from plastic, optical ?bers 240 may include 
materials, such as polymers and/ or combinations of polymers 
and any of the glasses described above. In one implementa 
tion, the material of optical ?bers 240 may have a higher 
index of refraction than the material of optically transparent 
material 230. 

Pixel array 220 may include any device capable of provid 
ing visual information (e.g., text, images, video, incoming or 
outgoing calls, games, phone books, the current time, emails, 
etc.) to a user. For example, pixel array 220 may include a 
liquid crystal display (LCD), such as a thin ?lm transistor 
(TFT) LCD display, or a high performance addressing (HPA) 
LCD display. 

In one implementation, pixel array 220 may include any 
number of color and/or monochrome pixels 250 arrayed in 
front of a light source (e.g., light guide 210). In another 
implementation, pixel array 220 may include electrodes on 
one side of pixel array 220 that may be grouped and Wired 
together With gate or column lines, and each group may 
receive its oWn voltage source. Pixel array 220 may further 
include electrodes on another side of pixel array 220 that may 
be grouped and Wired together With roW lines, and each group 
may receive its oWn voltage sink. The groups may be desig 
nated so that each pixel 250 of pixel array 220 may have a 
unique combination of source and sink. 

In still another implementation, pixel array 220 may 
include a passive-matrix structure or an active-matrix struc 
ture. In a passive-matrix structure, each roW or column of 
pixel array 220 may include a single electrical circuit, and 
pixels 250 may be addressable one at a time by roW and 
column addresses. Pixels 250 may maintain their states 
betWeen refreshes Without the bene?t of an electrical charge. 
In an active-matrix structure, a matrix of TFTs may be added 
to the polariZing and color ?lters, and each pixel 250 may 
include its oWn dedicated TFT that alloWs each gate or col 
umn line to access one pixel 250. If a roW line is activated, the 
gate lines may be connected to a roW of pixels 250 and a 
correct voltage may be driven onto all of the gate lines. The 
roW line may be deactivated, and the next roW line may be 
activated. All roW lines may be activated in sequence during a 
refresh operation. 

In a further implementation, if pixel array 220 is a color 
array, each pixel 250 may be divided into three cells, or 
subpixels, Which may be colored red, green, and blue by 
additional ?lters (e.g., pigment ?lters, dye ?lters, metal oxide 
?lters, etc.). Each subpixel may be controlled independently 
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6 
to yield thousands or millions of possible colors for each pixel 
250. In other implementations, each pixel 250 of pixel array 
220 may include more or less than three subpixels of various 
colors other than red, green, and blue. 
As further shoWn in FIG. 2A, each pixel 250 of pixel array 

220 may align With a corresponding optical ?ber 240 so that 
ambient light 260 entering a speci?c pixel 250 may be 
received by the corresponding optical ?ber 240. The corre 
sponding optical ?ber 240, in cooperation With re?ective ?lm 
200, may re?ect ambient light 260 so that re?ected light 270 
may exit though the speci?c pixel 250 through Which ambient 
light 260 entered pixel array 220. Although FIG. 2A shoWs a 
single optical ?ber 240 aligning With a single pixel 250, in 
other implementations, each optical ?ber 240 may represent a 
bundle (or multiple) optical ?bers. Such arrangements may 
minimiZe cross-talk of ambient light among pixels 250, and 
may help prevent image distortion of display 130. 

FIG. 2B shoWs a top partial vieW of light guide 210 of 
display 130. FIG. 2C depicts a top partial vieW of another 
light guide 210 ofdisplay 130. As illustrated in FIGS. 2B and 
2C, optical ?bers 240 of light guide 210 may include a variety 
of siZes and geometric shapes, and/or may be arranged in 
optically transparent material 230 in a variety of Ways. For 
example, as shoWn in FIG. 2B, optical ?bers 240 may include 
circular cross sections and/ or may be arranged uniformly 
throughout optically transparent material 230. In another 
example, as shoWn in FIG. 2C, optical ?bers 240 may include 
one or more cross-sectional shapes (e.g., square, rectangular, 
elliptical, triangular, polygonal, etc.), may have one or more 
siZes, and/ or may or may be non-uniformly arranged through 
out optically transparent material 230. In other implementa 
tions, optical ?bers 240 may be siZed, shaped, and/ or 
arranged to correspond to the siZes, shapes, and/or arrange 
ments of pixels 250 of pixel array 220. In still other imple 
mentations, optical ?bers 240 may be provided through one 
or more portions of light guide 210. For example, if a portion 
of display 130 is to be trans?ective, optical ?bers 240 may be 
provided through a portion of light guide that corresponds to 
the trans?ective portion of display 130. 

Although FIGS. 2A-2C shoW exemplary components of 
display 130, in other implementations, display 130 may 
include feWer, different, or additional components (e. g., elec 
trical components, optical components, etc.) than depicted in 
FIGS. 2A-2C. In still other implementations, one or more 
components of display 130 may perform tasks performed by 
one or more other components of display 130. 
Second Exemplary Device Display 

FIG. 3A is a partial side elevational vieW, in partial cross 
section, of another implementation of display 130 of device 
100. As illustrated, display 130 may include pixel array 220 
and a light guide 300, but may omit re?ective ?lm 200. Pixel 
array 220 and light guide 300 may have a variety of shapes 
and/or siZes depending upon the shapes and/or siZes of device 
100 and/or display 130. Pixel array 220 may include the same 
features as described above in connection With FIGS. 2A-2C. 

Light guide 300 may include any device capable of pro 
viding illumination or lighting to pixel array 220. Display 130 
may Work re?ectively if light guide 300 is not receiving light, 
and may Work transmissively if light guide 300 receives light. 
In one example, light guide 300 may include a structural 
component used to guide light from a light source (e.g., an 
incandescent light bulb, one or more LEDs, an ELP, one or 
more CCFLs, one or more hot cathode ?uorescent lamps 
HCFLs, etc.). In another example, light guide 300 may 
include a diffuser to provide even lighting from an uneven 
light source. In still another example, light guide 300 may 
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provide any color light (e.g., yellow, green, blue, White, etc.) 
or any combination of colored/non-colored light. 
As further shoWn in FIG. 3A, in one implementation, light 

guide 300 may include an optically transparent material 310 
With multiple optical ?bers 320 embedded therein. Optically 
transparent material 310 may include any material capable of 
permitting light to pass, such as glass, quartz, sapphire, poly 
meric materials (e.g., polymethylmethacrylates, polyvinyl 
carbazoles, polybutadienes, polyethylenes, polyesters, etc.), 
plastics (e.g., Perspex and Pyrex, etc.), etc. Optical ?bers 320 
may include glass or plastic ?bers designed to guide light 
along their lengths by total internal re?ection. If made from 
glass, optical ?bers 320 may include materials (e.g., silica, 
?uorozirconate, ?uoroaluminate, and/ or chalcogenide 
glasses) that have a refractive index of about, for example, 
1.5. If made from plastic, optical ?bers 320 may include 
materials, such as polymers and/ or combinations of polymers 
and any of the glasses described above. In one implementa 
tion, the material of optical ?bers 320 may have a higher 
index of refraction than the material of optically transparent 
material 310. 

In one implementation, as shoWn in FIG. 3A, the ends of 
one or more optical ?bers 320 may be formed into geometric 
shapes that result in retro-re?ector behavior (i.e., retro-re?ec 
tive geometric shapes 330). Retro-re?ective geometric 
shapes 330 may re?ect ambient light 350 in such a manner 
that re?ected light 360 and ambient light 350 may pass 
through the same pixel 250. Retro-re?ective geometric 
shapes 330 may include a variety of shapes and/or sizes, as 
described beloW in connection With FIGS. 3B and 3C. 

In another implementation, as shoWn in FIG. 3A, the ends 
of one or more optical ?bers 320 may include a re?ective 
material 340 (e.g., such as any of the materials used to form 
re?ective ?lm 200, as described above). Re?ective material 
340 may re?ect ambient light 350 in such a manner that 
re?ected light 360 and ambient light 350 may pass through 
the same pixel 250. Re?ective material 340 may include a 
variety of shapes and/or sizes, as described beloW in connec 
tion With FIGS. 3D and 3E. 
As further shoWn in FIG. 3A, each pixel 250 of pixel array 

220 may align With a corresponding optical ?ber 320 so that 
ambient light 350 entering a speci?c pixel 250 may be 
received by the corresponding optical ?ber 320. The corre 
sponding optical ?ber 320, via retro-re?ective geometric 
shape 330 and/or re?ective material 340, may re?ect ambient 
light 350 so that re?ected light 360 may exit though the 
speci?c pixel 250 through Which ambient light 350 entered 
pixel array 220.Although FIG. 3A shoWs a single optical ?ber 
320 aligning With a single pixel 250, in other implementa 
tions, each optical ?ber 320 may represent a bundle (or mul 
tiple) optical ?bers. Such arrangements may minimize cross 
talk of ambient light among pixels 250, and may help prevent 
image distortion of display 130. 

FIGS. 3B-3E depict exemplary implementations of optical 
?bers 320 of light guide 300. As shoWn in FIGS. 3B-3E, 
optical ?bers 320 may include circular, square, rectangular, 
elliptical, triangular, polygonal, etc. cross sections, and may 
have one or more sizes. As shoWn in FIGS. 3B and 3C, 
retro-re?ective geometric shape 330 may include any geo 
metric shape that results in retro-re?ective behavior, such as 
conic (FIG. 3B) or prismatic (FIG. 3C) shapes. As shoWn in 
FIGS. 3D and 3E, re?ective material 340 may include any 
shapes that correspond With the shapes of optical ?bers 320, 
such as circular (FIG. 3D) or square (FIG. 3E). In one 
example, re?ective material 340 may include a re?ective 
coating or ?lm provided on ends of optical ?bers 320 (e. g., on 
ends aWay from pixel array 220). 
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8 
Although FIGS. 3A-3E shoW exemplary components of 

display 130, in other implementations, display 130 may 
include feWer, different, or additional components (e. g., elec 
trical components, optical components, etc.) than depicted in 
FIGS. 3A-3E. In still other implementations, one or more 
components of display 130 may perform tasks performed by 
one or more other components of display 130. 
Third Exemplary Device Display 

FIG. 4A is a partial side elevational vieW, in partial cross 
section, of still another implementation of display 130 of 
device 100. As illustrated, display 130 may include a light 
guide 400 and a pixel array 410, but may omit re?ective ?lm 
200. Light guide 400 and pixel array 410 may have a variety 
of shapes and/or sizes depending upon the shapes and/or sizes 
of device 100 and/or display 130. 

Light guide 400 may include any device capable of pro 
viding illumination or lighting to pixel array 410. Display 130 
may Work re?ectively if light guide 400 is not receiving light, 
and may Work transmissively if light guide 400 receives light. 
In one example, light guide 400 may include a structural 
component used to guide light from a light source (e.g., an 
incandescent light bulb, one or more LEDs, an ELP, one or 
more CCFLs, one or more hot cathode ?uorescent lamps 
HCFLs, etc.). In another example, light guide 400 may 
include a diffuser to provide even lighting from an uneven 
light source. In still another example, light guide 400 may 
provide any color light (e. g., yelloW, green, blue, White, etc.) 
or any combination of colored/non-colored light. 

Light guide 400 may include any optically transparent 
material (i.e., any material capable of permitting light to 
pass), such as glass, quartz, sapphire, polymeric materials 
(e.g., polymethylmethacrylates, polyvinylcarbazoles, polyb 
utadienes, polyethylenes, polyesters, etc.), plastics (e. g., Per 
spex and Pyrex, etc.), etc. 

Pixel array 410 may include the same features described 
above in connection With FIGS. 2A-2C for pixel array 220. 
HoWever, one side of pixel array 410 (e.g., the side facing 
light guide 400) may include one or more retro-re?ective 
shapes 420 that align With corresponding pixels 250. Retro 
re?ective shapes 420 may re?ect ambient light 430 in such a 
manner that re?ected light 440 and ambient light 430 may 
pass through the same pixel 250. Retro-re?ective shapes 420 
may include a variety of shapes and/or sizes, as described 
beloW in connection With FIGS. 4B and 4C. 
As further shoWn in FIG. 4A, each pixel 250 of pixel array 

410 may align With corresponding one or more retro-re?ec 
tive shapes 420 so that ambient light 430 entering a speci?c 
pixel 250 may be received by corresponding retro-re?ective 
shapes 420. The corresponding retro-re?ective shapes 420 
may re?ect ambient light 430 so that re?ected light 440 may 
exit though the speci?c pixel 250 through Which ambient light 
430 entered pixel array 410. Although FIG. 4A shoWs mul 
tiple retro-re?ective shapes 420 aligning With a single pixel 
250, in other implementations, feWer or additional retro-re 
?ective shapes 420 than depicted in FIG. 4A may align With 
a single pixel 250. Such arrangements may minimize cross 
talk of ambient light among pixels 250, and may help prevent 
image distortion of display 130. 

FIGS. 4B and 4C depict exemplary implementations of 
pixel array 410. As illustrated, retro-re?ective shapes 420 
may include any geometric shape that results in retro-re?ec 
tive behavior, such as conic (FIG. 4B), prismatic (FIG. 4C), 
and/or a combination of conic and prismatic shapes. In other 
implementations, retro-re?ective shapes 420 may include 
shapes different than the shapes depicted in FIGS. 4B and 4C. 
Although FIGS. 4A-4C shoW exemplary components of 

display 130, in other implementations, display 130 may 
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include fewer, different, or additional components (e. g., elec 
trical components, optical components, etc.) than depicted in 
FIGS. 4A-4C. In still other implementations, one or more 
components of display 130 may perform tasks performed by 
one or more other components of display 130. 
Exemplary Pixel of First, Second, and Third Exemplary 
Device Displays 

FIG. 5 is a partial side elevation vieW of an exemplary pixel 
250 of pixel arrays 220 and 410. Although FIG. 5 shoWs a 
color pixel, in other implementations, pixel arrays 220 and 
410 may include monochrome pixels. As shoWn, pixel 250 
may include a red subpixel 520, a green subpixel 540, and a 
blue subpixel 560, Which may be associated With a roW line 
500 and gate lines 510. 
As further shoWn in FIG. 5, red subpixel 520 may be 

associated With a thin ?lm transistor (TFT) 530, and may use 
a color ?lter (e. g., red) to create color. Red subpixel 520 may 
include any material that may be illuminated from the back 
(e.g., With light guides 210, 300, and/or 400), and is vieWed 
from the opposite side (i.e., the front). TFT 530 may be 
electrically coupled to roW line 500 and to a corresponding 
one of gate lines 510. TFT 530 may permit roW line 500 
and/or the corresponding one of gate lines 510 to access red 
subpixel 520. 

Green subpixel 540 may be associated With a TFT 550, and 
may use a color ?lter (e.g., green) to create color. Green 
subpixel 540 may include any material that may be illumi 
nated from the back (e.g., With light guides 210, 300, and/or 
400), and is vieWed from the opposite side (i.e., the front). 
TFT 550 may be electrically coupled to roW line 500 and to a 
corresponding one of gate lines 510. TFT 550 may permit roW 
line 500 and/or the corresponding one of gate lines 510 to 
access green subpixel 540. 
As further shoWn in FIG. 5, blue subpixel 560 may be 

associated With a TFT 570, and may use a color ?lter (e.g., 
blue) to create color. Blue subpixel 560 may include any 
material that may be illuminated from the back (e.g., With 
light guides 210, 300, and/or 400), and is vieWed from the 
opposite side (i.e., the front). TFT 570 may be electrically 
coupled to roW line 500 and to a corresponding one of gate 
lines 510. TFT 570 may permit roW line 500 and/or the 
corresponding one of gate lines 510 to access blue subpixel 
57 0. 

Although FIG. 5 shoWs exemplary components of pixel 
250, in other implementations, pixel 250 may include feWer, 
different, or additional components (e.g., electrical compo 
nents, optical components, etc.) than depicted in FIG. 5. In 
still other implementations, one or more components of pixel 
250 may perform tasks performed by one or more other 
components of pixel 250. 

Exemplary Processes 

FIG. 6 is a ?owchart of an exemplary process 600 for 
creating display 130 depicted in FIGS. 2A-2C. As shoWn, 
process 600 may begin by providing a light guide that 
includes an optical ?ber embedded in an optically transparent 
material (block 610). For example, in one implementation, 
described above in connection With FIGS. 2A-2C, display 
130 may include light guide 210 (e.g., any device capable of 
providing illumination or lighting). Light guide 210 may 
include optically transparent material 230 With multiple opti 
cal ?bers 240 embedded therein. Optically transparent mate 
rial 230 may include any material capable of permitting light 
to pass, and optical ?bers 240 may include glass or plastic 
?bers designed to guide light along their lengths by total 
internal re?ection. In one example, the material of optical 
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10 
?bers 240 may have a higher index of refraction than the 
material of optically transparent material 230. 

Process 600 may also include aligning the optical ?ber of 
the light guide With a pixel of a pixel array on a ?rst side of the 
light guide (block 620). For example, in one implementation, 
described above in connection With FIGS. 2A-2C, display 
130 may include pixel array 220 facing a ?rst side of light 
guide 210. Pixel array 220 may include multiple pixels 250. 
Each pixel 250 of pixel array 220 may align With a corre 
sponding optical ?ber 240 so that ambient light 260 entering 
a speci?c pixel 250 may be received by the corresponding 
optical ?ber 240. The corresponding optical ?ber 240, in 
cooperation With re?ective ?lm 200, may re?ect ambient 
light 260 so that re?ected light 270 may exit though the 
speci?c pixel 250 through Which ambient light 260 entered 
pixel array 220. 
As further shoWn in FIG. 6, process 600 may include 

providing a re?ective ?lm adjacent to a second side of the 
light guide (block 630). For example, in one implementation, 
described above in connection With FIGS. 2A-2C, display 
130 may include re?ective ?lm 200 facing a second side of 
light guide 210. Re?ective ?lm 200 may re?ect ambient light 
260 entering display 130, via pixel array 220 and optical 
?bers 240. 

FIG. 7 is a ?oWchart of an exemplary process 700 for 
creating display 130 depicted in FIGS. 3A-3C. As shoWn, 
process 700 may begin by providing a light guide that 
includes an optical ?ber embedded in an optically transparent 
material (block 710). For example, in one implementation 
described above in connection With FIGS. 3A-3C, display 
130 may include light guide 300 (e.g., any device capable of 
providing illumination or lighting). Light guide 300 may 
include optically transparent material 310 With multiple opti 
cal ?bers 320 embedded therein. Optically transparent mate 
rial 310 may include any material capable of permitting light 
to pass, and optical ?bers 320 may include glass or plastic 
?bers designed to guide light along their lengths by total 
internal re?ection. In one example, the material of optical 
?bers 320 may have a higher index of refraction than the 
material of optically transparent material 310. 

Process 700 may include forming a retro-re?ective geo 
metric shape at a ?rst end of the optical ?ber (block 720). For 
example, in one implementation described above in connec 
tion With FIGS. 3A-3C, the ends of one or more optical ?bers 
320 may be formed into geometric shapes that result in retro 
re?ector behavior (i.e., retro-re?ective geometric shapes 
330). Retro-re?ective geometric shapes 330 may re?ect 
ambient light 350 in such a manner that re?ected light 3 60 and 
ambient light 350 may pass through the same pixel 250. 
Retro-re?ective geometric shapes 330 may include any geo 
metric shapes that result in retro-re?ective behavior, such as 
conic (FIG. 3B) or prismatic (FIG. 3C) shapes. 
As further shoWn in FIG. 7, process 700 may include 

aligning a second end of the optical ?ber With a pixel of a pixel 
array (block 730). For example, in one implementation 
described above in connection With FIG. 3A, display 13 0 may 
include pixel array 220 that may include multiple pixels 250. 
Each pixel 250 of pixel array 220 may align With a corre 
sponding optical ?ber 320 so that ambient light 350 entering 
a speci?c pixel 250 may be received by the corresponding 
optical ?ber 320. The corresponding optical ?ber 320, via 
retro-re?ective geometric shape 330, may re?ect ambient 
light 350 so that re?ected light 360 may exit though the 
speci?c pixel 250 through Which ambient light 350 entered 
pixel array 220. 

FIG. 8 is a ?oWchart of an exemplary process 800 for 
creating display 130 depicted in FIGS. 3A, 3D, and 3E. As 
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shown, process 800 may begin by providing a light guide that 
includes an optical ?ber embedded in an optically transparent 
material (block 810). For example, in one implementation 
described above in connection With FIGS. 3A, 3D, and 3E, 
display 130 may include light guide 300 (e.g., any device 
capable of providing illumination or lighting). Light guide 
300 may include optically transparent material 310 With mul 
tiple optical ?bers 320 embedded therein. Optically transpar 
ent material 310 may include any material capable of permit 
ting light to pass, and optical ?bers 320 may include glass or 
plastic ?bers designed to guide light along their lengths by 
total internal re?ection. In one example, the material of opti 
cal ?bers 320 may have a higher index of refraction than the 
material of optically transparent material 310. 

Process 800 may include forming a re?ective material at a 
?rst end of the optical ?ber (block 820). For example, in one 
implementation described above in connection With FIGS. 
3A, 3D, and 3E, the ends of one or more optical ?bers 320 
may include re?ective material 340 (e.g., such as any of the 
materials used to form re?ective ?lm 200, as described 
above). Re?ective material 340 may re?ect ambient light 350 
in such a manner that re?ected light 360 and ambient light 350 
may pass through the same pixel 250. Re?ective material 340 
may include any shapes that correspond With the shapes of 
optical ?bers 320, such as circular (FIG. 3D) or square (FIG. 
3E). In one example, re?ective material 340 may include a 
re?ective coating or ?lm provided on ends of optical ?bers 
320 (e.g., on ends aWay from pixel array 220). 
As further shoWn in FIG. 8, process 800 may include 

aligning a second end of the optical ?ber With a pixel of a pixel 
array (block 830). For example, in one implementation 
described above in connection With FIG. 3A, display 130 may 
include pixel array 220 that may include multiple pixels 250. 
Each pixel 250 of pixel array 220 may align With a corre 
sponding optical ?ber 320 so that ambient light 350 entering 
a speci?c pixel 250 may be received by the corresponding 
optical ?ber 320. The corresponding optical ?ber 320, via 
re?ective material 340, may re?ect ambient light 350 so that 
re?ected light 360 may exit though the speci?c pixel 250 
through Which ambient light 350 entered pixel array 220. 

FIG. 9 is a ?owchart of an exemplary process 900 for 
creating display 130 depicted in FIGS. 4A-4C. As shoWn, 
process 900 may begin by providing a pixel array that 
includes a pixel (block 910). For example, in one implemen 
tation described above in connection With FIGS. 4A-4C, dis 
play 130 may include pixel array 410 that may include mul 
tiple pixels 250. 

Process 900 may include forming a retro-re?ective geo 
metric shape, aligned With the pixel, on a side of the pixel 
array (block 920). For example, in one implementation 
described above in connection With FIGS. 4A-4C, one side of 
pixel array 410 (e.g., the side facing light guide 400) may 
include one or more retro-re?ective shapes 420 that align With 
corresponding pixels 250. Retro-re?ective shapes 420 may 
re?ect ambient light 430 in such a manner that re?ected light 
440 and ambient light 430 may pass through the same pixel 
250. Retro-re?ective shapes 420 may include any geometric 
shape that results in retro-re?ective behavior, such as conic 
(FIG. 4B), prismatic (FIG. 4C), and/or a combination of conic 
and prismatic shapes. Each pixel 250 of pixel array 410 may 
align With corresponding one or more retro-re?ective shapes 
420 so that ambient light 430 entering a speci?c pixel 250 
may be received by a corresponding retro-re?ective shape 
420. The corresponding retro-re?ective shape 420 may re?ect 
ambient light 430 so that re?ected light 440 may exit though 
the speci?c pixel 250 through Which ambient light 430 
entered pixel array 410. 
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As further shoWn in FIG. 9, process 900 may include 

providing a light guide adjacent to the side of the pixel array 
(block 930). For example, in one implementation described 
above in connection With FIG. 4A, display 130 may include 
light guide 400 that may include any optically transparent 
material (i.e., any material capable of permitting light to 
pass), such as glass, quartz, sapphire, polymeric materials, 
plastics, etc. Light guide 400 may be provided adjacent to a 
side of pixel array 410. 

CONCLUSION 

Implementations described herein may relate to systems 
and methods for providing a loW loss trans?ective device 
display. For example, in one implementation, a device display 
may include a light guide, a re?ective material provided on 
one side of the light guide, and a pixel array that includes 
multiple pixels. The light guide of a device display may 
include optical ?bers provided in an optically transparent 
material. Each optical ?ber may optically communicate With 
a corresponding pixel of the pixel array. In another implemen 
tation, the re?ective material may be omitted, and the optical 
?bers of the light guide may include re?ective portions and/or 
retro-re?ective geometric shapes on one end. In still another 
implementation, the re?ecting material may be omitted, and 
the light guide may include an optically transmissive mate 
rial. A surface of the pixel array facing the light guide may 
include retro -re?ective geometric shapes. Such arrangements 
may help ensure that ambient light is provided to and re?ected 
through the same pixel of the device’s pixel array, Which may 
help prevent mixing of image information from different 
pixels and distorting of the display image. 
The foregoing description provides illustration and 

description, but is not intended to be exhaustive or to limit the 
invention to the precise form disclosed. Modi?cations and 
variations are possible in light of the above teachings or may 
be acquired from practice of the invention. 

For example, While series of acts have been described With 
regard to FIGS. 6-9, the order of the acts may be modi?ed in 
other implementations. Further, non-dependent acts may be 
performed in parallel. 

It should be emphasiZed that the term “comprises/compris 
ing” When used in the this speci?cation is taken to specify the 
presence of stated features, integers, steps or components but 
does not preclude the presence or addition of one or more 

other features, integers, steps, components or groups thereof. 
Embodiments, as described above, may be implemented in 

many different forms of softWare, ?rmWare, and hardWare in 
the implementations illustrated in the ?gures. The actual soft 
Ware code or specialiZed control hardWare used to implement 
aspects described herein is not limiting of the invention. Thus, 
the operation and behavior of the aspects Were described 
Without reference to the speci?c softWare codeiit being 
understood that softWare and control hardWare to implement 
the aspects may be designed based on the description herein. 
No element, act, or instruction used in the present applica 

tion should be construed as critical or essential to the inven 
tion unless explicitly described as such. Also, as used herein, 
the article “a” is intended to include one or more items. Where 
only one item is intended, the term “one” or similar language 
is used. Further, the phrase “based on” is intended to mean 
“based, at least in part, on” unless explicitly stated otherWise. 

What is claimed is: 
1. A device display, comprising: 
a light guide that includes: 

an optically transparent material, and 
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an optical ?ber embedded in the optically transparent 
material, Where the optical ?ber includes a ?rst end 
and a second end, and the optical ?ber is to guide light 
along its length by total internal re?ection; 

a pixel array that includes a pixel aligned With the ?rst end 
of the optical ?ber; and 

a re?ective mechanism provided at and in contact With the 
second end of the optical ?ber, Where the re?ective 
mechanism is to re?ect light, received by the pixel, back 
to the pixel via the optical ?ber, 

Wherein the re?ective mechanism comprises a retro-re?ec 
tive shape formed at the second end of the optical ?ber. 

2. The device display of claim 1, Wherein the retro-re?ec 
tive shape comprises at least one of a cone or a prism. 

3. The device display of claim 1, Wherein an index of 
refraction of the optical ?ber is higher than an index of refrac 
tion of the optically transparent material. 

4. The device display of claim 1, Wherein the optically 
transparent material comprises at least one of glass, quartz, 
sapphire, polymeric, or plastic materials, and 

Wherein the optical ?ber comprises at least one of glass or 
plastic materials. 

5. The device display of claim 1, Wherein: 
the light guide comprises a plurality of optical ?bers, 
the pixel array comprises a plurality of pixels, each pixel of 

the plurality of pixels being aligned With a ?rst end of a 
corresponding one of the plurality of optical ?bers, and 

14 
the re?ective mechanism includes a plurality of retro-re 

?ective shapes formed at second ends of the plurality of 
optical ?bers. 

6. The device display of claim 1, Wherein the optical ?ber 
5 comprises at least one of a circular, a square, a rectangular, an 
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elliptical, a triangular, or a polygonal cross section. 
7. The device display of claim 1, Wherein the pixel of the 

pixel array comprises: 
a ?rst thin ?lm transistor (TFT) associated With a ?rst 

subpixel; 
a second TFT associated With a second subpixel; and 
a third TFT associated With a third subpixel. 
8. A method, comprising: 
providing a light guide for a device display that includes a 

pixel array With a pixel, the light guide including an 
optical ?ber embedded in an optically transparent mate 
rial; 

aligning a ?rst end of the optical ?ber With the pixel of the 
pixel array; and 

providing a re?ective mechanism at a second end of the 
optical ?ber, the re?ective mechanism being capable of 
re?ecting light, received by the pixel, back to the pixel 
via the optical ?ber, Wherein providing a re?ective 
mechanism comprises: 

providing a retro-re?ective geometric shape at the second 
end of the optical ?ber. 

* * * * * 


